.
The orientation is dictated by the presence of a string of nanoparticles composed of magnetite (a magnetic mineral made of iron and oxygen atoms). Inspired by such bacteria, Jiang et al. 2 report in Advanced Materials how one-dimensional arrays of magnetite nanoparticles can be prepared synthetically, with potential applications in electronic devices and biotechnology.
Assembling magnetic nanoparticles is a challenging task, at least for humans. The main reason is that the north pole of one magnet is attracted to the south pole of another magnet. Therefore, linear configurations of magnetic nanoparticles are only metastable, because the nanoparticles at the end of the chains also attract each other. As a result, ring structures are fully stable 3 , but are not effective as compasses because they are isotropic (no matter how you rotate them, their magnetic properties are the same).
To stabilize several magnetic nanoparticles in a 1D configuration, magnetotactic bacteria have evolved a scaffold: one protein forms a backbone along which the particles attach, thanks to another 'anchor' protein 1 . To reproduce this strategy in the laboratory, chemists have proposed using templates to align magnetic nanoparticles into 1D arrangements 4 . However, even the cleverest technical approaches have not yet led to the uniform ordering of particles observed in magnetotactic bacteria. Impressively, though, Jiang and colleagues' template-directed technique can yield millimetre-long chains of magnetite particles (with diameters of 150 nm) that are assembled nearly perfectly edge to edge.
The authors begin by fabricating a template that consists of an array of elongated ridges (each 2 μm wide) separated by gaps (Fig. 1) . The tops of the ridges are made to be hydrophilic -they have a strong affinity for waterand the base of the template is hydrophobic (water-repellent). A suspension of hydrophilic magnetic nanoparticles in water is then sandwiched between the template and a flat, inflexible target substrate. The hydrophilic top of the template attracts the suspension, whereas the base repels it, creating a thin film. The water is then evaporated away, and a mechanism known as the coffee-ring effect 5 (named after the process in which ring-shaped deposits are produced after coffee has been spilt) causes chains of particles to be deposited along the ridges, forming 1D magnetic arrays.
Jiang and colleagues' approach combines simplicity and versatility. For example, the authors show that they can control the width of the chains by varying the concentration of the particles used, and that this tunes the properties of the magnetic array. Most importantly, the magnetic properties along the long axis of the chains differ from those perpendicular to the axis. Such directional behaviour is an essential property of 'magnetosensitive' mater ials and is a characteristic shared with tensions of the nucleolus and thus facilitate subcompartmental organization 6 . Cuylen and colleagues' work opens up several avenues for investigation. It remains unclear why Ki-67 comes into play only when chromosomes are in the cytoplasm and not during prophase -how are the mechanisms that underlie prophase chromosome compaction and individualization 7 integrated with Ki-67's assembly and function? The brush-like self-assembly of Ki-67 is particularly intriguing because chromosomal DNA should be negatively charged and so attract positively charged proteins, and yet Ki-67 is oriented away from the chromosome surface.
And given the nanometre-scale distances over which electrostatic interactions occur, it will be interesting to define exactly how increasing the amount of Ki-67 increases interchromosome separation by up to a micrometre. 
MATERIALS SCIENCE

Magnetic nanoparticles line up
Certain bacteria contain strings of magnetic nanoparticles and therefore align with magnetic fields. Inspired by these natural structures, researchers have now fabricated synthetic one-dimensional arrays of such particles. M A R C E L E . V I S S E R S pring is an exciting time of year, with flowers coming into bloom, bees emerging from their winter rest and migrant birds returning to their breeding grounds. In the United Kingdom, all such phenological events have been monitored for decades -across the seasons -by professionals and citizen scientists alike (Fig. 1) . And although many of these schemes started well before we recognized that the world is warming, these long time series now provide a valuable infrastructure to document the impact of global climate change on nature. On page 241, Thackeray et al. 1 use no fewer than 10,003 phenological data sets, all collected over periods of at least 20 years, to quantify the unequal rates at which phenology has shifted in different species groups. Climate change thus leads to disruption of the phenological match between species, and so to ecological relationship problems.
Climate change leads to unequal shifts in phenology across species 2 . To understand why, Thackeray and colleagues studied the sensitivity of phenological events to two climate variables in a wide range of species. Specifically, for each of their 10,003 phenological time series, they asked at what times of year species are sensitive to changes in temperature and precipitation, and how sensitive events in their phenological cycles are to these variables. Both questions are relevant, because climate has changed -and will continue to change -in a non-uniform manner over the course of the year. Some periods warm faster than others, and two species with equal temperature sensitivities but at different times may thus shift their phenological events at different rates.
On the whole, the authors found that species at different trophic levels (positions) of the food chain did not differ in the times of year at which they were sensitive to annual variations in temperature, but did vary in how sensitive they were. The phenology of species high up the food chain (the secondary consumers) is much less sensitive to temperature than is that of species at the base of the chain -the primary producers and primary consumers, which are twice as sensitive to temperature. Secondary consumers were also less sensitive to variations in precipitation. When combining the species sensitivities with climate scenarios, Thackeray et al. forecast that, by 2050, primary consumers will have shifted the timing of their phenological events twice as much as will species at other trophic levels.
But why do secondary consumer species respond more weakly to temperature compared with primary consumers or producers? After all, both predators and prey will use temperature as a cue to time their phenology.
The reason is that species at different trophic levels do not rely on exactly the same temperature cue. Different species respond to temperature at different times of year. Take, for instance, a winter moth egg of 2 millimetres in diameter, which has been lying dormant on a 40-metre-tall oak tree for months. It manages to hatch within days of its host's bud burst. Obviously, these two species will have radically different physiological mechanisms underlying their phenological events and will use different cues to determine the timing of these events. So, although the two sets of cues will be correlated, the cue used by the consumer (the moth in this case) will always be, to some extent, unreliable. Theoretical work 3 shows that this imperfect cue reliability means consumers will evolve a less temperaturesensitive phenology than will the species at the trophic level they rely on.
As for understanding the consequences of the phenological mismatches caused by climate change, it is notable that almost all previous research has focused on simple twospecies interactions of a predator and its prey, or a herbivore and its host plant. But despite the clear effects of the phenological mismatches on population numbers, such effects can be buffered by ecological mechanisms such as density dependence 4 -whereby the success rate of an individual increases when the number of individuals declines.
PHENOLOGY
Interactions of climate change and species
At what times of year are phenological events across species sensitive to climatic variables, and how sensitive are they? Answers to these questions emerge from the analysis of a wealth of long-term data sets. See Article p.241 aligned magnetotactic bacteria deposited on a substrate 6 . This feature is what makes 1D magnetic structures so fascinating and potentially useful: 1D arrays have biotechnological and medical applications 7 , and possible uses in actuation devices 8 such as nanorobots. A potential next step will be to fabricate magnetoresponsive materials that would produce a signal or a force when an external magnetic field is changed (typically, rotated). Several approaches could be investigated, such as depositing the particles on a flexible substrate, which would allow the magnetic force generated when an array is placed in a magnetic field to be converted into mechanical work (for example, contraction or expansion of the substrate). Restriction of the magnetic array to a single line would also be ideal for the engineering of devices.
Another potential development concerns miniaturization. The particles synthesized by bacteria are optimized because, although only around 30 nm in diameter, they are large enough for their magnetic properties to be cumulative. The particles currently used by the authors are 150 nm in diameter, but are aggregates of smaller particles that do not exhibit cumulative magnetic properties. Therefore, the same magnetic properties could be achieved with particles as small as 5-10 nm. Using particles that are the same size as those in magneto tactic bacteria would change the magnetic properties of the arrays, enhancing their sensitivity and enabling rotation of the chains by low magnetic fields (potentially, of similar strengths to that of Earth's magnetic field).
Magnetite nanoparticles are special because their magnetic properties depend in part on their shape. Therefore, using nanocubes instead of round particles would again lead to modified magnetosensitive properties. The fabrication of 2D or 3D patterns will surely also have many applications. Crucially, with all of these ideas in mind, the method developed by Jiang and collaborators has the potential to aid 
